Nucleotide binding, ATP hydrolysis, and mutation of the catalytic carboxylates of human P-glycoprotein cause distinct conformational changes in the transmembrane segments.
P-Glycoprotein (P-gp, ABCB1) transports a variety of structurally unrelated cytotoxic compounds out of the cell. Each homologous half of P-gp has a transmembrane (TM) domain containing six TM segments and a nucleotide-binding domain (NBD) and is joined by a linker region. It has been postulated that binding of two ATP molecules at the NBD interface to form a "nucleotide sandwich" induces drug efflux by altering packing of the TM segments that make up the drug-binding pocket. To test if ATP binding alone could alter packing of the TM segments, we introduced catalytic carboxylate mutations (E556Q in NBD1 and E1201Q in NBD2) into double-cysteine mutants that exhibited ATP-dependent cross-linking so that the mutants could bind but not hydrolyze ATP. It was found that ATP binding alone could alter disulfide cross-linking between the TM segments. For example, ATP inhibited cross-linking of mutant L339C(TM6)/V982C(TM12)/E556Q(NBD1)/E1201Q(NBD2) but promoted cross-linking of mutant F343C(TM6)/V982C(TM12)/E556Q(NBD1)/E1201Q(NBD2). Cross-linking of some mutants, however, appeared to require ATP hydrolysis as introduction of the catalytic carboxylate mutations into mutant L332C(TM6)/L975C(TM12) inhibited ATP-dependent cross-linking. Cross-linking between cysteines in the TM segments also could be altered via introduction of a single catalytic carboxylate mutation into mutant L332C(TM6)/L975C(TM12) or by using the nonhydrolyzable ATP analogue, AMP.PNP. The results show that the TM segments are quite sensitive to changes within the ATP-binding sites because different conformations could be detected in the presence of ATP, AMP.PNP, during ATP hydrolysis or through mutation of the catalytic carboxylates.